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p
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e
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e
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in
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g
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t
i
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g
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o
r
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n
 
is
 
a 

f
u
n
c
t
i
o
n
 
of
 
b
o
t
h
 
th
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w
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e
c
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o
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c
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th
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v
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e
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t
u
r
e
s
 
o
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a
n
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s
.
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h
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tr
en
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, 
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a
b
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o
l
u
t
e
 
in

te
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it
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o
f
 
th
e 

i
m
p
o
r
t
a
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t
 
b
a
n
d
s
 
h
a
v
e
 
b
e
e
n
 
a
e
t
e
r
m
i
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e
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a
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th
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h
a
l
f
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w
i
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t
h
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o
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o
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e
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e
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l
e
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A
P
P
A
R
A
T
U
S
 
A
N
D
 
P
R
O
C
E
D
U
R
E
 

S
a
m
p
l
e
s
 
of
 
CO
j 

w
e
r
e
 
c
o
n
t
a
i
n
e
d
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t
w
o
 
d
i
f
f
e
r
e
n
t
 
a
b
s
o
r
p
t
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o
n
 

h
a
v
e
 
b
e
e
n
 
d
e
s
c
r
i
b
e
d
 
p
r
e
v
i
o
u
s
l
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T
h
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l
o
n
g
e
r
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e
l
l
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 c
e
l
l
s
 
w
h
i
c
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p
r
e
v
i
o
u
s
l
y
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h
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r
 
c
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l
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a
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e
n
g
t
h
 
o
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3
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et
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s
e
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e
l
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n
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a
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e
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n
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a
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c
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n
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t
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s
i
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n
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t
e
m
p
e
r
a
t
u
r
e
 
o
f
 
a
p
p
r
o
x
i
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m
a
t
e
l
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2
0
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u
n
d
 
t
h
a
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a
a
p
l
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i
n
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a
n
n
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c
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n
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a
i
n
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w
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r
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u
l
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ha
n 
s
a
m
p
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u
r
e
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e
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u
b
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s
h
e
d
 
p
r
e
v
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u
s
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o
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a
l
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p
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e
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e
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w
e
e
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a
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o
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i
m
a
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e
l
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n
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0
 
c
m
~
l
 
w
h
i
c
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a
p
p
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r
e
n
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u
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u
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i
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n
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e
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p
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A 
Pb
S 

c
e
l
l
 
c
o
o
l
e
d
 
w
i
t
h
 
l
i
q
u
i
d
 
n
i
t
r
o
g
e
n
 
w
a
s
 

..
se

d 
as
 
th

e 
d
e
t
e
c
t
o
r
.
 
 
It
 
w
a
s
 

n
o
t
 
n
e
c
e
s
s
a
r
y
 
to
 
c
o
o
l
 
th
e 

d
e
t
e
c
t
o
r
 
b
e
l
o
w
 
d
r
y
 
ic

e 
t
e
m
p
e
r
a
t
u
r
e
 
fo
r 

o
p
e
r
a
t
i
o
n
 

in
 
th

is
 
w
a
v
e
l
e
n
g
t
h
 
r
e
g
i
o
n
,
 
b
u
t
 
th

e 
d
e
w
a
r
 
on
 
th

e 
d
e
t
e
c
t
o
r
 
w
a
s
 
d
e
s
i
g
n
e
d
 
to
 

h
o
l
d
 
l
i
q
u
i
d
 
n
i
t
r
o
g
e
n
 
fo

r 
us
e 

at
 
l
o
n
g
e
r
 
w
a
v
e
l
e
n
g
t
h
s
.
 
 
C
o
o
l
i
n
g
 
b
y
 
l
i
q
u
i
d
 

n
i
t
r
o
g
e
n
 
wa
s,
 
t
h
e
r
e
f
o
r
e
,
 
m
o
r
e
 
c
o
n
v
e
n
i
e
n
t
 
an
d 

w
a
s
 
u
s
e
d
 
s
i
n
c
e
 
th

e 
s
i
g
n
a
l
-
 

l
o
-
n
o
i
s
e
 
r
a
t
i
o
 
w
a
s
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
th
e 

s
a
m
e
 
at
 
b
o
t
h
 
t
e
m
p
e
r
a
t
u
r
e
s
.
 
 
A 

c
o
n
s
i
d
e
r
a
b
l
y
 
b
e
t
t
e
r
 
s
i
g
n
a
l
-
t
o
-
n
o
i
s
c
 
r
a
t
i
o
 
(S
/N
) 

c
o
u
l
d
 
p
r
o
b
a
b
l
y
 
b
e
 
a
c
h
i
e
v
e
d
 

in
 
th
e 

r
e
g
i
o
n
 
b
e
t
w
e
e
n
 
y
O
O
O
 
a
n
d
 
1
0
,
0
0
0
 
cm
"1
 
w
i
t
h
 
a 

p
h
o
'
-
o
m
u
l
^
i
p
i
i
e
r
 
d
e
t
e
c
t
o
r
.
 

H
o
w
e
v
e
r
,
 
th
e 

e
x
t
r
a
 
s
e
n
s
i
t
i
v
i
t
y
 
of
 
th

e 
p
h
o
L
o
m
u
l
t
i
p
l
i
e
r
 
w
a
s
 
n
o
t
 
r
e
q
u
i
r
e
d
 
in
 

o
r
d
e
r
 
to
 
o
b
t
a
i
n
 
s
p
e
c
t
r
a
 
f
r
o
m
 
w
h
i
c
h
 
th

e 
s
t
r
e
n
g
t
h
s
 
of
 
th
e 

b
a
n
d
s
 
in
 
th
is
 

r
a
g
i
o
n
 
c
a
n
 
b
e
 
d
e
t
e
r
m
i
n
e
d
.
 

T
h
e
 
S
/
N
 
in
 
th

e 
Ö
0
0
0
 
- 

9
0
0
C
 
c
m
"
^
 
r
e
g
i
o
n
 
w
a
s
 

e
n
o
u
g
h
 
h
i
g
h
e
 -
 
t
h
a
n
 
in
 
th

e 
h
i
g
h
e
r
 
w
a
v
e
n
u
m
b
e
r
 
r
e
g
i
o
n
 
th
at
 
w
e
 
c
o
u
l
d
 
co

n-
 

v
e
n
i
e
n
t
l
y
 
w
o
r
k
 
w
i
t
h
 
a 

s
m
a
l
l
e
r
 
s
p
e
c
t
r
a
l
 
s
l
i
t
w
i
d
t
h
.
 

h
o
s
t
 
o
f
 
th

e 
s
p
e
c
t
r
a
 

In
 
th
e 

l
o
w
e
r
 
w
a
v
e
n
u
m
b
e
r
 
r
e
g
i
o
n
 
w
e
r
e
 
o
b
t
a
i
n
e
d
 
w
i
t
h
 
s
u
f
f
i
c
i
e
n
t
l
y
 
g
o
o
d
 

sp
ec
tr
.i
l 

r
e
s
o
l
u
t
i
o
n
 
th
at
 
m
a
n
y
 
or
 
th
e 

li
ne
a 

c
o
u
l
d
 
be
 
r
e
s
o
l
v
e
d
.
 

H
o
w
e
v
e
r
.
 

in
 
th

e 
h
i
g
h
e
r
 
w
a
v
e
n
u
m
b
e
r
 
r
e
g
i
o
n
 
th

e 
s
l
i
t
s
 
w
e
r
e
 
o
p
e
n
e
d
 
u
n
t
i
l
 
a 

d
e
s
i
r
a
b
l
e
 

S
/
N
 w
a
s
 
o
b
t
a
i
n
e
d
.
 

V
 
v
e
n
u
m
b
e
r
 
c
a
l
i
b
r
a
t
i
o
n
 
w
a
s
 
o
b
t
a
i
n
e
d
 
fo

r 
e
a
c
h
 
s
p
e
c
t
r
u
m
 
f
r
o
m
 
th
e 

p
o
s
i
t
i
o
n
s
 

or
 
th
e 

a
b
s
o
r
p
t
i
o
n
 
l
i
n
e
s
 
an
d 

b
a
n
d
 
c
e
n
t
e
r
s
 
d
e
s
i
g
n
a
t
e
d
 
in
 
iT
ig
ur

ea
 
3-

i 
a
n
d
 

3-
2,
 
m
o
s
t
 
of
 
w
h
i
c
h
 
a
r
e
 
f
r
o
m
 
H
e
r
z
b
e
r
g
 
an
d 

H
e
r
z
b
e
r
g
.
 

T
h
e
 
r
a
w
 
s
p
e
c
t
r
a
 
w
e
r
e
 
r
e
p
l
o
t
t
e
d
 
a
n
d
 
d
i
g
i
t
i
z
e
d
 
b
y
 
th
e 

u
s
e
 
o
f
 
a
p
p
a
r
a
t
u
s
 

d
e
s
c
r
i
b
e
d
 
in
 
A
p
p
e
n
d
i
x
 
C 

of
 
r
e
f
e
r
e
n
c
e
 

2.
 

A 
c
o
m
p
u
t
e
r
 
p
r
o
g
r
a
m
 
w
a
s
 
t
h
e
n
 

u
s
e
d
 
to
 
c 

.'
cu
la
te
 
v
a
l
u
e
s
 
of
 
t
r
a
n
s
m
i
t
t
a
n
c
e
 
an
d 

i
n
t
e
g
r
a
t
e
d
 
a
b
s
o
r
p
t
a
n
c
e
 

w
h
i
c
h
 
a
r
e
 
s
h
o
w
n
 
in
 
S
e
c
t
i
o
n
s
 
4
 
a
n
d
 
5.
 

2.
2 

D
E
F
I
N
I
T
I
O
N
S
,
 
S
Y
M
B
O
L
S
 
A
N
D
 
N
O
T
A
T
I
O
N
S
 

L
 
is
 
th
e 

g
e
o
m
e
t
r
i
c
a
l
 
p
a
t
h
 
l
e
n
g
t
h
 
of
 
th
e 

r
a
d
i
a
t
i
o
n
 
as
 
it
 
p
a
s
s
e
s
 
t
h
r
o
u
g
h
 
a 

s
a
m
p
l
e
,
 
p
 
is
 
th
e 

p
r
e
s
s
u
r
e
 
of
 
th

e 
C
O
2
 
w
h
i
c
h
 
is
 
m
e
a
s
u
r
e
d
 
in
 
a
t
m
o
s
p
h
e
r
e
s
 

u
n
l
e
s
s
 
o
t
h
e
r
w
i
s
e
 
sp
ec
i 
fi

ed
, 

a
n
d
 
u 

is
 
th

e 
a
b
s
o
r
b
e
r
 
t
h
i
c
k
n
e
s
s
 
g
i
v
e
n
 
b/
 

u 
= 

W
 
p 

L
 

27
3 

29
6'
 
(
a
t
i
n
 
:m
S
T
p)

• 
(2
-1
) 

W
 
is
 
a 

f
a
c
t
o
r
 
t
h
a
t
 
a
c
c
o
u
n
t
s
 
fo
r 

th
e 

V
a
n
 
d
e
r
 
W
n
a
l
s
'
 
f
o
r
c
e
s
 
w
h
i
c
h
 
c
a
u
s
e
 

C
O
2
 
to
 
d
e
v
i
a
t
e
 
f
r
o
m
 
a 

p
e
r
f
e
c
t
 
ga
s 

at
 
s
o
m
e
 
of
 
th
e 

p
r
e
s
s
u
r
e
s
 
u
s
e
d
 
in
 
th
is
 

i
n
v
e
s
t
i
g
a
t
i
o
n
.
 
It
 
is
 
g
i
v
o
n
 
a
d
e
q
u
a
t
e
l
y
 
fo
r 

o
u
r
 
p
u
r
p
o
s
e
s
 
b
y
 

W
 

= 
1
.
0
0
 
+ 

0
,
0
0
4
7
 
p.
 

(2
-2
) 

T
h
e
 
q
u
a
n
t
i
t
y
 
2
7
3
/
2
9
6
 
a
c
c
o
u
n
t
s
 
fo

r 
th
e 

d
i
f
f
e
r
e
n
c
e
 
in
 
d
e
n
s
i
t
y
 
b
e
t
w
e
e
n
 

s
t
a
n
d
a
r
d
 
t
e
m
p
e
r
a
t
u
r
e
 
(2
73
0
K)
 
a
n
d
 
r
o
o
m
 
t
e
m
p
e
r
a
t
u
r
e
 
(2

96
0
K)
 
at
 
w
h
i
c
h
 
al
l 

o
f
 
th
e 
m
e
a
s
u
r
e
m
e
n
t
s
 
we
re
, 
m
a
d
e
.
 

T
h
e
 
a
b
s
o
r
b
e
r
 
t
h
i
c
k
n
e
s
s
 
g
i
v
e
n
 
b
y
 

E
q
u
a
t
i
o
n
 
(2
-1
) 

is
 
t
h
e
n
 
e
q
u
i
v
a
l
e
n
t
 
to
 
th
e 

t
h
i
c
k
n
e
s
s
 
of
 
a 

CO
,,
 
s
a
m
p
l
e
 
at
 

1 
a
t
m
o
s
p
h
e
r
e
 
p
r
e
s
s
u
r
e
 
an
d 

27
30
K
 
h
a
v
i
n
g
 
th

e 
s
a
m
e
 
n
u
m
b
e
r
 
o
f
 
m
o
l
e
c
u
l
e
s
 
p
e
r
 

u
n
i
t
 
a
r
e
a
 
as
 
t
h
e
 
s
a
m
p
l
e
 
b
e
i
n
g
 
d
e
s
c
r
i
b
e
d
.
 

2-
2 



1 I I I 

S v
 

= 
 
/
K
(
v
)
d
v
.
 

(2
-5
) 

2-
3 

A
l
t
h
o
u
g
h
 
t
h
^
s
 
I
n
v
e
s
t
i
g
a
t
i
o
n
 
d
e
a
l
s
 
o
n
l
y
 
v
l
t
h
 
aa
^a
pl
es
 
o
f
 
p
u
r
e
 
CO

^,
 
It
 
is
 

f
r
e
q
u
e
n
t
l
y
 
d
e
s
i
r
a
b
l
e
 
to
 
r
e
l
a
t
e
 
th
e 

p
r
e
s
s
u
r
e
s
 
to
 
an
 
e
q
u
i
v
a
l
e
n
t
 
p
r
e
s
s
u
r
e
 

P
e
 
of
 
a 

d
i
l
u
t
e
 
m
i
x
t
u
r
e
 
o
f
 
C
O
2
 
in
 
N2

. 
T
h
i
s
 
is
 
n
e
c
e
c
s
a
r
y
 
w
h
e
n
 
d
e
a
l
i
n
g
 

w
i
t
h
 
p
a
t
h
s
 
t
h
r
o
u
g
h
 
th

i?
 
e
a
r
t
h
'
s
 
a
t
m
o
s
p
h
e
r
e
 
in
 
w
h
i
c
h
 
th
e 

p
a
r
t
i
a
l
 
p
r
e
s
s
u
r
e
 

of
 
CO
2 

is
 
s
m
a
l
l
 
c
o
m
p
a
r
e
d
 
to
 
t
h
a
t
 
o
f
 
N2
. 

B
u
r
c
h
,
 
G
r
y
v
n
a
k
 
a
n
d
 
W
i
l
l
i
a
m
s
^
 

h
a
v
e
 
fo
un
d 

t
h
a
t
 
t
h
r
o
u
g
h
o
u
t
 
mo

s;
 
o
f
 
th
e 

s
p
e
c
t
r
u
m
 
a
n
 
e
q
u
i
v
a
l
e
n
t
 
p
r
e
s
s
u
r
e
 

g
i
v
e
n
 
b
y
 

i 

P 
 

- 
1.

3 
p 

+ 
(P
 
- 

p)
 

(2
-3

} 

c
a
n
 
b
e
 
u
s
e
d
 
w
h
e
r
e
 
P 

is
 
th
e 

t
o
t
a
l
 
p
r
e
s
s
u
r
e
 
d
u
e
 
to
 
b
o
t
h
 
g
a
s
e
s
.
 

It
 
is
 
n
o
t
e
d
 

th
at
 
th
e 

e
q
u
i
v
a
l
e
n
t
 
p
r
e
s
s
u
r
e
 
a
p
p
r
o
a
c
h
e
s
 
th
e 

t
o
t
a
l
 
p
r
e
s
s
u
r
e
 
fo

r 
a 
v
e
r
y
 

d
i
l
u
t
e
 
m
i
x
t
u
r
e
 
o
f
 
C
O
2
 
in
 
N2

. 
T
h
e
 
f
a
c
t
o
r
 
1.
3 

r
e
l
a
t
e
s
 
t
h
e
 
s
e
l
f
-
b
r
o
a
d
e
n
i
n
g
 

a
b
i
l
i
t
y
 
of
 
C
O
2
 
to
 
t
h
e
 
b
r
o
a
d
e
n
i
n
g
 
a
b
i
l
i
t
y
 
o
f
 
C
O
2
 
l
i
n
e
s
 
b
y
 
N«

. 
It
 
is
 
v
a
l
i
d
 

in
 
r
e
g
i
o
n
s
 
w
h
e
r
e
 
m
o
s
t
 
of
 
th
e 

a
b
s
o
r
p
t
i
o
n
 
is
 
d
u
e
 
to
 
l
i
n
e
s
 
w
h
o
n
e
 
c
e
n
t
e
r
s
 
a
r
e
 

w
i
t
h
i
n
 
a 

f
e
w
 
cm

"1
; 

b
u
t
 
it
 
is
 
n
o
t
 
v
a
l
i
d
 
in
 
r
e
g
i
o
n
s
 
s
u
c
h
 
as
 
o
n
 
t
h
e
 
h
i
g
h
 

w
a
v
e
n
u
m
b
e
r
 
s
i
d
e
 
of
 
t
h
e
 
Vo
 
a
n
d
 
3v

o 
b
a
n
d
s
 
w
h
e
r
e
 
th
e 

a
b
s
o
r
p
t
i
o
n
 
is
 
d
u
e
 
to
 

th
e 

e
x
t
r
e
m
e
 
w
i
n
g
s
 
o
f
 
l
i
n
e
s
 
w
h
o
s
e
 
c
e
n
t
e
r
s
 
a
r
e
 
s
e
v
e
r
a
l
 
c
m
"
^
 
aw
ay
. 

V
a
r
i
a
t
i
o
n
s
 

in
 
th
e 

s
h
a
p
e
s
 
o
f
 
th
e 

e
x
t
r
e
m
e
 
w
i
n
g
s
 
of
 
CO
2 

a
b
s
o
r
p
t
i
o
n
 
l
i
n
e
s
 
g
i
v
e
 
r
i
s
e
 
to
 

th
e 

d
i
f
f
e
r
e
n
c
e
 
in
 
th
e 

r
e
l
a
t
i
v
e
 
b
r
o
a
d
e
n
i
n
g
 
a
b
i
l
i
t
i
e
s
.
 

T
h
e
 
l
i
n
e
 
s
h
a
p
e
s
 
o
f
 

| 
d
i
f
f
e
r
e
n
t
 
b
r
o
a
d
e
n
i
n
g
 
-a
se
s 
w
i
l
l
 
b
e
 
d
i
s
c
u
s
s
e
d
 
in
 
a 

r
e
p
o
r
t
 

to
 
b
e
 
p
u
b
l
i
s
h
e
d
 

b
y
 
us
 
in
 
th
e 

n
e
a
r
 
f
u
t
u
r
e
.
 

S
i
n
c
e
 
th

e 
s
i
m
p
l
e
 
c
l
a
s
s
J
f
c
a
l
 
t
h
e
o
r
y
 
p
r
e
d
i
c
t
s
 
th
at
 
th
e 

h
a
l
f
-
w
i
d
t
h
 
o
f
 
a 

l
i
n
e
 

1»
 
p
r
o
p
o
r
t
i
o
n
a
l
 
to
 
t
h
e
 
d
e
n
s
i
t
y
 
o
f
 
m
o
l
e
c
u
l
e
s
.
 
E
q
u
a
t
i
o
n
 
(2

-3
) 

s
h
o
u
l
d
 
p
r
o
b
a
b
l
y
 

be
 
m
o
d
i
f
i
e
d
 
to
 
a
c
c
o
u
n
t
 
fo

r 
t
h
e
 
n
o
n
-
l
i
n
e
a
r
i
t
y
 
b
e
t
w
e
e
n
 
p
r
e
s
s
u
r
e
 
a
n
d
 
d
e
n
s
i
t
y
 

at
 
h
i
g
h
e
r
 
p
r
e
s
s
u
r
e
s
.
 

T
h
e
 
m
o
d
i
f
i
c
a
t
i
o
n
 
c
a
n
 
b
e
 
m
a
d
e
 
in
 
th
e 

f
o
l
l
o
w
i
n
g
 
w
a
y
:
 

P e
 

= 
1.

3 
W
 
p 

+ 
(P
 
- 

p)
. 

(2
-3

«)
 

T(
v)
 
is
 
th
e 

o
b
s
e
r
v
e
d
 
t
r
a
n
s
m
l
t
t
a
n
c
e
 
an
d 

A
(
v
)
 
~
 
I 

- 
T
(
v
)
 
is
 
th
e 

o
b
s
e
r
v
e
d
 

a
b
s
o
r
p
t
a
n
c
e
.
 

Tf
(
v
)
 
a
n
d
 
A
^
v
)
 
a
r
e
 
th

e 
t
r
a
n
s
m
l
t
t
a
n
c
e
 
a
n
d
 
a
b
s
o
r
p
t
a
n
c
e
,
 

r
e
s
p
e
c
t
i
v
e
l
y
,
 
w
h
i
c
h
 
w
o
u
l
d
 
b
e
 
o
b
s
e
r
v
e
d
 
w
i
t
h
 
a
n
 
I
n
s
t
r
u
m
e
n
t
 
h
a
v
i
n
g
 
i
n
f
i
n
i
t
e
 

r
e
s
o
l
v
i
n
g
 
p
o
w
e
r
.
 
T
^
v
)
 
is
 
r
e
l
a
t
e
d
 
to
 
th
e 

a
b
s
o
r
p
t
i
o
n
 
o
e
f
f
i
c
i
e
n
t
 
K
(
v
)
 
b
y
 

] 

T
^
v
)
 

= 
e
x
p
 

(~
- 
u 

K(
v)
] 
 
o
r
 
-
^
T
^
v
)
 

= 
u 

K
(
v
)
.
 

(2
-4
) 

f 

a
 
is
 
th
e 

h
a
l
f
-
w
i
d
t
h
 
o
f
 
a
n
 
a
b
s
o
r
p
t
i
o
n
 
l
i
n
e
 
a
n
d
 
is
 
e
x
p
r
e
s
s
e
d
 
in
 
c
m
 

. 
S 

is
 
th
e 

b
a
n
d
 
s
t
r
e
n
g
t
h
,
 
or
 
b
a
n
d
 
in

te
ns

it
y,

 a
n
d
 
ie
 
r
e
l
a
t
e
d
 
tc
 
th
e 

a
b
s
o
r
p
t
i
o
n
 

c
o
e
f
f
i
c
i
e
n
t
 
d
u
e
 
to
 
th
e 

b
a
n
d
 
o
f
 
I
n
t
e
r
e
s
t
 
b
y
 

1 : 1 
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O
N
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D
I
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C
U
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S
I
O
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A
B
S
O
R
P
T
I
O
N
 
B
A
N
D
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3
.
1
 
 
I
D
E
N
T
I
F
I
C
A
T
I
O
N
 
A
N
D
 
F
E
A
T
U
R
E
S
 
O
F
 
T
H
E
 
A
B
S
O
R
P
T
I
O
N
 
B
A
N
T
S
 

A
l
l
 
of
 
t
h
e
 
C
O
2
 
b
a
n
c
s
 
w
h
i
c
h
 
o
n
e
 
m
t
 $
ht
 
e
x
p
e
c
t
 
to
 
p
r
o
d
u
c
e
 
a
p
p
r
e
c
i
a
b
l
e
 

a
b
s
o
r
p
t
i
o
n
 
in
 
th
e 

r
e
g
i
o
n
 
f
r
o
m
 
8
0
0
0
 
to
 
1
0
,
0
0
0
 
c
m
"
^
 
a
r
e
 
l
i
s
t
e
d
 
in
 

T
a
b
l
e
 
3-
1.
 

T
h
e
 
p
o
s
i
t
i
o
n
s
 
o
f
 
th
e 

b
a
n
d
 
c
e
n
t
e
r
s
 
m
e
a
s
u
r
e
d
 
b
y
 
H
e
r
z
b
e
r
g
 

a
n
d
 
H
e
r
z
b
e
r
g
1
 
a
n
d
 
b
y
 
C
o
u
r
t
o
y
^
 
a
r
e
 
l
i
s
t
e
d
.
 

C
e
n
t
e
r
s
 
o
f
 
th
» 

o
t
h
e
r
 
b
a
n
d
s
 

w
e
r
e
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
e
n
e
r
g
y
 
l
e
v
e
l
s
 
t
a
b
u
l
a
t
e
d
 
b
y
 
S
t
u
l
l
,
 
W
y
a
t
t
 
a
n
d
 
P
l
a
s
s
.
^
 

I
n
 
th

e 
n
o
t
a
t
i
o
n
 
fo

r 
th
e 

t
r
a
n
s
i
t
i
o
n
s
,
 
th

e 
l
o
w
e
r
 
l
e
v
e
l
 
is
 
o
m
i
t
t
e
d
 
w
h
e
n
 

it
 
is
 
0
0
o
0.
 

T
h
e
 
s
t
r
e
n
g
t
h
s
 
o
f
 
th
e 

d
i
f
f
e
r
e
n
t
 
p
o
r
t
i
o
n
s
 
of
 
t
h
e
 
b
a
n
d
s
 
a
r
e
 

d
e
s
c
r
i
b
e
d
 
in
 
S
e
c
t
i
o
n
 
3.
2.
 

T
h
e
 
b
a
n
d
s
 
o
c
c
u
r
 
in
 
t
w
o
 
g
r
o
u
p
s
,
 
o
n
e
 
b
e
t
w
e
e
n
 
9
3
0
0
 
a
n
d
 
9
6
5
0
 
cm

'1
 
a
n
d
 
th
e 

o
t
h
e
r
 
b
e
t
w
e
e
n
 
8
0
0
0
 
a
n
d
 
8
3
2
5
 
cm

"1
. 

A
l
l
 
o
f
 
th
e 

b
a
n
d
s
 
a
r
i
s
e
 
f
r
o
m
 
t
r
a
n
s
i
-
 

t
i
o
n
s
 
in
 
w
h
i
c
h
 
t
h
e
r
e
 
is
 
a 

c
h
a
n
g
e
 
o
f
 
t
h
r
e
e
 
(3
) 

in
 
v^

, 
t
h
e
 
q
u
a
n
t
u
m
 
n
u
m
b
e
r
 

a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
V3
. 

S
i
n
c
e
,
 
fo

r 
C0

2,
 

Vi
 
= 

2
v2

, 
  
t
h
e
 
b
a
n
d
s
 
a
r
i
s
i
n
g
 
f
r
o
m
 

t
r
a
n
s
i
t
i
o
n
s
 
f
r
o
m
 
th

e 
g
r
o
u
n
d
 
s
t
a
c
e
 
to
 
20
o
3,
 
1?
0
3,
 
an
*1 

04
c
i
 
o
c
c
u
r
 
c
l
o
s
e
 

to
 
e
a
c
h
 
o
t
h
e
r
.
 

T
h
e
s
e
 
b
a
n
d
s
,
 
a
l
o
n
g
 
w
i
t
h
 
t
h
e
i
r
 
a
s
s
o
c
i
a
t
e
d
 
d
i
f
f
e
r
e
n
c
e
 

ba
nd
s,
 
o
c
c
u
r
 
in
 
th
e 

r
e
g
i
o
n
 
f
r
o
m
 
9
3
0
0
 
to
 
9
6
5
0
 
cm
"1

. 
T
h
e
 
c
h
a
n
g
e
s
 
in
 
e
a
c
h
 

of
 
th

e 
q
u
a
n
t
u
m
 
n
u
m
b
e
r
s
 
a
r
e
 
th
e 

s
a
m
e
 
fo
r 

th
e 

d
i
f
f
e
r
e
n
c
e
 
b
a
n
d
s
 
a
s
 
fo
r 

t
h
e
 

c
o
m
b
i
n
a
t
i
o
n
 
o
a
n
d
s
,
 
b
u
t
 
th
e 

d
i
f
f
e
r
e
n
c
e
 
b
a
n
d
s
 
a
r
i
s
e
 
f
r
o
m
 
t
r
a
n
s
i
t
i
o
n
s
 
f
r
o
m
 

t
h
e
 
01
l
0
 
s
t
a
t
e
.
 

B
e
c
a
u
s
e
 
o
f
 
a
n
h
a
r
m
o
n
i
c
i
t
y
,
 
a 
d
i
f
f
e
r
e
n
c
e
 
b
a
n
d
 
u
s
u
a
l
l
y
 
o
c
c
u
r
s
 
at
 
a 

s
l
i
g
h
t
l
y
 

l
o
w
e
r
 
w
a
v
e
n
u
m
b
e
r
 
t
a
a
n
 
it

s 
a
s
s
o
c
i
a
t
e
d
 
c
o
m
b
i
n
a
t
i
o
n
 
o
r
 
f
u
n
d
a
m
e
n
t
a
l
 
b
a
n
d
.
 

H
o
w
e
v
e
r
,
 
th
e 

d
i
s
p
l
a
c
e
m
e
n
t
 
o
f
 
th
e 

d
i
f
f
e
r
e
n
c
e
 
b
a
n
d
 
v
a
r
i
e
s
 
f
r
o
m
 
o
n
e
 
b
a
n
d
 

to
 
a
n
o
t
h
e
r
,
 
d
e
p
e
n
d
i
n
g
 
o
n
 
th
e 

F
e
r
m
i
 
r
e
s
o
n
a
n
c
e
.
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d
 
o
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C
f
O
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b
e
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e
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w
i
t
h
 
it

s 
c
e
n
t
e
r
 
at
 
8
0
8
9
.
0
 
c
m
 
*.
 
 
It
 

w
a
s
 
i
d
e
n
t
i
f
i
e
d
 
as
 
02
o
3 

b
y
 
H
e
r
z
b
e
r
g
 
a
n
d
 
H
e
r
z
b
e
r
g
1
 
a
n
d
 
l
a
t
e
r
 
I
d
e
n
t
i
f
i
e
d
 
as
 

10
o
3 

b
y
 
C
o
u
r
t
o
y
.
7
 

S
t
u
l
l
,
 
W
y
a
t
t
 
a
n
d
 
P
l
a
s
s
7
 
g
i
v
e
 
8
0
8
9
.
0
 
cm

"1
 
fo

r 
th
e 

b
a
n
d
 

c
e
n
t
e
r
 
of
 
10
o
3 

a
n
d
 
7
9
8
1
.
1
 
cm
"1
 
fo
r 

0
2
o
3.
 

T
h
e
 
l
a
t
t
e
r
 
b
a
n
d
 
is
 
v
e
r
y
 
w
e
a
k
 

a
n
d
 
w
i
l
l
 
be
 
d
i
s
c
u
s
s
e
d
 
in
 
a 

f
u
t
u
r
e
 
r
e
p
o
r
t
 
c
o
v
e
r
i
n
g
 
th
e 

r
e
g
i
o
n
 
b
e
t
w
e
e
n
 

7
1
0
0
 
an
d 

8
0
0
0
 
c
m
-
1
. 

T
h
e
 
10
o
3
 
a
n
d
 
02
o
3 

b
a
n
d
s
 
o
f
 
C1
2
0
1
6
0
1
8
 
s
h
o
u
l
d
 

be
 
s
u
f
f
i
c
i
e
n
t
l
y
 
s
t
r
o
n
g
 
to
 
b
e
 
o
b
s
e
r
v
e
d
 
in
 
th
e 

s
p
e
c
t
r
u
m
 
of
 
o
u
r
 
l
a
r
g
e
s
t
 

s
a
m
p
l
e
s
 
if
 
t
h
e
y
 
w
e
r
e
 
n
o
t
 
o
v
e
r
l
a
p
p
e
d
 
b
y
 
l
i
n
e
s
 
o
f
 
th
e 

s
t
r
o
n
g
e
r
 
b
a
n
d
s
.
 

L
i
k
e
 

th
e 

d
i
f
f
e
r
e
n
c
e
 
b
a
n
d
s
 
m
e
n
t
i
o
n
e
d
 
ab

ov
e,
 
l
i
n
e
s
 
of
 
t
h
e
s
e
 
i
s
o
t
o
p
i
c
 
b
a
n
d
s
 
c
o
u
l
d
 

p
r
o
b
a
b
l
y
 
b
e
 
s
e
e
n
 
w
i
t
h
 
b
e
t
t
e
r
 
r
e
s
o
l
u
t
i
o
n
.
 

N
o
 
a
t
t
e
m
p
t
 
w
a
s
 
m
a
d
e
 
to
 
c
h
a
n
g
e
 

th
e 

r
e
l
a
t
i
v
e
 
a
b
u
n
d
a
n
c
e
s
 
of
 
th
e 

i
s
o
t
o
p
e
s
 
in
 
o
u
r
 
s
a
m
p
l
e
s
.
 

It
 
is
 
p
r
o
b
a
b
l
y
 

s
a
f
e
 
to
 
a
s
s
u
m
e
 
t
h
a
t
 
t
h
e
y
 
o
c
c
u
r
 
in
 
t
h
e
i
r
 
n
a
t
u
r
a
l
 
a
b
u
n
d
a
n
c
e
s
.
 

It
 
13
 
n
o
t
e
d
 
t
h
a
t
 
al
l 

o
f
 
t
h
e
 
b
a
n
d
s
 
in
 
t
h
i
s
 
r
e
g
i
o
n
 
h
a
v
e
 
a 

r
a
t
h
e
r
 
s
h
a
r
p
 
b
a
n
d
 

h
e
a
d
 
on
 
th

e 
h
i
g
h
 
wa

ve
nu

ra
be

r 
s
i
d
e
 
of
 
t
h
e
 
R
-
b
r
a
n
c
h
,
 
a 

f
e
a
t
u
r
e
 
w
h
i
c
h
 
is
 

t
y
p
i
c
a
l
 
of
 
C
O
2
 
b
a
n
d
s
 
h
a
v
i
n
g
 
a 

c
h
a
n
g
e
 
in
 
t
h
e
 
q
u
a
n
t
u
m
 
n
u
m
b
e
r
 
Vo
 
a
s
s
o
c
i
a
t
e
d
 

w
i
t
h
 
V3

. 
T
h
e
 
h
e
a
d
s
 
of
 
th
e 

b
a
n
d
s
 
i
n
c
l
u
d
e
d
 
in
 
th
is
 
r
e
p
o
r
t
 
o
c
c
u
r
 
n
e
a
r
 

J 
= 
4
4
 
in
 
th
e 

R
-
b
r
a
n
c
h
.
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BA
ND
 S

TR
EN

G
TH

S 

T
he
 
st

re
n

g
th

, 
 o

r 
in

te
n
si

ty
, 
 o

f 
an
 
ab

so
rp

ti
o
n
 b

an
d 

is
 

g
iv

en
 

by
 

S„
  
  

= 
  

 /
K

(v
)d

v
, 

(2
-5

) 

w
h
e
r
e
 
th
e 

i
n
t
e
g
r
a
t
i
o
n
 
is
 
p
e
r
f
o
r
m
e
d
 
o
v
e
r
 
a
l
l
 
v 

fo
r 
w
h
i
c
h
 
t
h
e
r
e
 
is
 
a
p
p
r
e
c
i
-
 

a
b
l
e
 
a
b
s
o
r
p
t
i
o
n
.
 
 
K(
v)
, 

t
h
e
 
a
b
s
o
r
p
t
i
o
n
 
c
o
e
f
f
i
c
i
e
n
t
,
 
is
 
d
e
f
i
n
e
d
 
b
y
 

E
q
u
a
t
i
o
n
 
(2

-4
).
 

O
f
 
c
o
u
r
s
e
,
 
if
 
m
o
r
e
 
t
h
a
n
 
o
n
e
 
b
a
n
d
 
c
o
n
t
r
i
b
u
t
e
s
 
t
o
 
th
e 

a
b
s
o
r
p
t
i
o
n
 
at
 
a 

g
i
v
e
n
 

w
a
v
e
n
u
m
b
e
r
,
 
K
(
v
)
 
u
s
e
d
 
in
 
E
q
u
a
t
i
o
n
 
(2
-5
) 

m
u
s
t
 
i
n
c
l
u
d
e
 
o
n
l
y
 
th
e 

p
o
r
t
i
o
n
 
du
e 

to
 
th

e 
b
a
n
d
 
w
h
o
s
e
 
s
t
r
e
n
g
t
h
 
is
 
b
e
i
n
g
 
d
e
t
e
r
m
i
n
e
d
.
 
 
T
h
e
 
m
e
t
h
o
d
s
 
u
s
e
d
 
to
 

e
s
t
i
m
a
t
e
 
th
e 

c
o
a
t
r
i
b
u
t
i
o
n
s
 
of
 
e
a
c
h
 
b
a
n
d
 
I
n
 
o
v
e
r
l
a
p
p
i
n
g
 
r
e
g
i
o
n
s
 
ar
e 

de
s-
 

c
r
i
b
e
d
 
b
e
l
o
w
.
 

T
h
e
 
s
t
r
e
n
g
t
h
s
 
o
f
 
th

e 
b
a
n
d
s
 
I
n
c
l
u
d
e
d
 
in
 
t
h
i
s
 
r
e
p
o
r
t
 
a
r
e
 
e
s
s
e
n
t
i
a
l
l
y
 

i
n
d
e
p
e
n
d
e
n
t
 
of
 
p
r
e
s
s
u
r
e
 
o
v
e
r
 
t
h
e
 
r
a
n
g
e
 
o
f
 
p
r
e
s
s
u
r
e
s
 
us
ed
. 
 
H
o
w
e
v
e
r
,
 
as
 

th
e 

p
r
e
s
s
u
r
e
 
is
 
i
n
c
r
e
a
s
e
d
,
 
th

e 
l
i
n
e
s
 
ar

e 
b
r
o
a
d
e
n
e
d
 
u
n
t
i
l
 
a
t
 
14
.6
 
at

m,
 

th
e 
m
a
x
i
m
u
m
 
p
r
e
s
s
u
r
e
 
uc
ed
, 

th
e 

h
a
l
f
-
w
i
d
t
h
s
 
ar
e 

of
 
t
h
e
 
o
r
d
e
r
 
of
 
1.

3 
cm

"^
. 

T
h
i
s
 
is
 
le
ss
 
t
h
a
n
 
th

e 
s
p
e
c
t
r
a
l
 
s
l
i
t
w
i
d
t
h
 
u
s
e
d
 
in
 
o
b
t
a
i
n
i
n
g
 
s
p
e
c
t
r
a
 
o
f
 

S
a
m
p
l
e
s
 
13
 
a
n
d
 
14
 
(
F
i
g
u
r
e
 
3-
3)
. 
 
C
o
n
s
e
q
u
e
n
t
l
y
,
 
th

e 
o
b
s
e
r
v
e
d
 
t
r
a
n
s
m
i
t
t
a
n
c
e
 

T
(
v
)
 
is
 
v
e
r
y
 
n
e
a
r
l
y
 
th
e 

t
r
u
e
 
t
r
a
n
s
m
i
t
t
a
n
c
e
 
T
^
v
)
.
 
 
B
y
 
c
o
m
b
i
n
i
n
g
 
E
q
u
a
t
i
o
n
s
 

(2
-4

) 
a
n
d
 
(2

-5
),
 
w
e
 
se
e 

t
h
a
t
 
w
e
 
c
a
n
 
d
e
t
e
r
m
i
n
e
 
th
e 

b
a
n
d
 
s
t
r
e
n
g
t
h
s
 
f
r
o
m
 

th
e 

s
p
e
c
t
r
a
 
b
y
 
u
s
e
 
of
 
th
e 

f
o
l
l
o
w
i
n
g
 
e
q
u
a
t
i
o
n
.
 

I J
Ln

, T
(v
/d
v.
 

(3
-1
) 

E
q
u
a
t
i
o
n
 
(3
-1
) 

w
a
s
 
u
s
e
d
 
to
 
d
e
t
e
r
m
i
n
e
 
th

e 
s
t
r
e
n
g
t
h
s
 
of
 
al
l 

th
e 

b
-
u
d
s
 
in
 

t
h
e
 
8
0
0
0
 
- 

8
3
2
5
 
cm

"1
 
r
e
g
i
o
n
 
f
r
o
m
 
S
a
m
p
l
e
s
 
13
 
a
n
d
 
14
, 

e
x
c
e
p
t
 
io
r 

th
e 

10
o
3 

b
a
n
d
 
o
f
 
C
^
o
^
6
#
 
 
it
 
w
a
s
 
n
o
t
 
p
o
s
s
i
b
l
e
 
tc
 
«
a
e
 
s
a
m
p
l
e
s
 
in
 
th
e 

s
h
o
r
t
e
r
 
a
b
s
o
r
p
-
 

t
i
o
n
 
c
e
l
l
 
w
i
t
h
 
s
u
f
f
i
c
i
e
n
t
l
y
 
l
a
r
g
e
 
a
b
s
o
r
b
e
r
 
t
h
i
c
k
n
e
s
s
 
to
 
p
r
o
d
u
c
e
 
m
o
r
e
 
t
h
a
n
 

a 
f
e
w
 
p
e
r
c
e
n
t
 
a
b
s
o
r
p
t
a
n
c
e
 
b
y
 
th
is
 
b
a
n
d
 
o
r
 
by
 
t
h
e
 
b
a
n
d
s
 
in
 
t
h
e
 
9
2
0
0
 
- 

9
6
5
0
 
cm
~^
 

r
e
g
i
o
n
.
 

T
h
e
r
e
f
o
r
e
,
 
th
e 

s
t
r
e
n
g
t
h
s
 
o
f
 
t
h
e
s
e
 
b
a
n
c
s
 
w
e
r
e
 
de
te
tr
ai
ne
d 

f
r
o
m
 
s
p
e
c
t
r
a
 

o
f
 
s
a
m
p
l
e
s
 
c
o
n
t
a
i
n
e
d
 
in
 
th
e 

l
o
n
g
e
r
 
a
b
s
o
r
p
t
i
o
n
 
c
e
l
l
 
w
h
o
s
e
 
m
a
x
i
m
u
m
 
p
r
e
s
s
u
r
e
 
is
 

2
.
5
 
a
t
m
o
s
p
h
e
r
e
s
.
 

At
 

ti
. 
 
p
r
e
s
s
u
r
e
 
T
^
v
)
 
m
a
y
 
b
e
 
q
u
i
t
e
 
d
i
f
f
e
r
e
n
t
 
f
r
o
m
 
T
(
v
)
;
 

b
u
t
 
E
q
u
a
t
i
o
n
 
(3
-1
) 

c
a
n
 
s
t
i
l
l
 
b
e
 
u
s
e
d
,
 
p
r
o
v
i
d
e
d
 
A(
v)
 
= 

1 
-
T
(
v
)
 
is
 
n
o
t
 
t
o
o
 

la
rg
e.
 
 
A
 m
o
r
e
 
d
e
t
a
i
l
e
d
 
d
i
s
c
u
s
s
i
o
n
 
o
f
 
t
h
e
 
l
i
m
i
t
a
t
i
o
n
s
 
o
n
 
(3
-1
) 

w
h
e
n
 
d
e
a
l
-
 

i
n
g
 
w
i
t
h
 
s
a
m
p
l
e
s
 
at
 
r
e
l
a
t
i
v
e
l
y
 
lo

w 
p
r
e
s
s
u
r
e
s
 
is
 
g
i
v
e
n
 
in
 
R
e
f
e
r
e
n
c
e
 
8.
 

F
o
r
 
&
-
r
 
b
a
n
d
s
 
(
q
u
a
n
t
u
m
 
n
u
m
b
e
r
 X
- 

= 
0
)
 
of
 
(X

^,
 
t
h
e
 
s
t
r
e
n
g
t
h
 
S m
 
of
 
a 

g
i
v
e
n
 

l
i
n
e
 
w
i
t
h
i
n
 
a 
b
a
n
d
 
is
 
r
e
l
a
t
e
d
 
to
 
t
h
e
 
b
a
n
d
 
s
t
r
e
n
g
t
h
 
S 

b
y
 

m 

m 
= 

S 
m 

ex
p 

B"
 
m
(
m
-
l
)
 

k
O
 

(3
-2
) 

3-
8 



i 

m
 

= 
J 

+ 
1 

to
r 

th
e 

R
-
b
r
a
n
c
h
 
a
n
d
 
-
J
 
fo
r 

th
e 

P
-
b
r
a
n
c
h
.
 

B"
 
<"
 
M
i
«
 
r
o
t
a
t
i
o
n
a
l
 

c
o
n
s
t
a
n
t
 
o
f
 
th

e 
l
o
w
e
r
 
st

at
e,
 
k 

Is
 
B
o
l
t
z
m
a
n
n
'
s
 
co

^c
'.

ci
nt

, 
9 

Is
 
th
e 

t
e
m
p
e
r
a
-
 

tu
re

, 
a
n
d
 
Q
r
 
is
 
th
e 

r
o
t
a
t
i
o
n
a
l
 
p
a
r
t
i
t
i
o
n
 
t
u
n
c
t
i
o
r
.
 

T
h
e
 
Q
-
b
r
a
n
c
h
 
Is
 
m
i
s
s
i
n
g
 

in
 

L*
-I

.  
b
a
n
d
s
,
 
an

«4 
c
o
n
t
a
i
n
s
 
on
l^
 
a
b
o
u
t
 
o
n
e
 
p
e
r
c
e
n
t
 
of
 
th
e 

s
t
r
e
n
g
t
h
 
of
 
jt

*-
u 

b
a
n
d
s
 

( 
,
/
=
 

i 
as
 
in
 
2i
i
3
*
O
l
1
0
).
 
 
E
q
u
a
t
i
o
n
 
(3

-2
) 

a
l
s
o
 
g
i
v
e
s
 
th
e 

s
t
r
e
n
g
t
h
s
 

of
 
l
i
n
e
s
 
In
 
th
e 

P-
 
a
n
d
 
R
-
b
r
a
n
u
h
e
s
 
o
f
 

II
+-

II
 
b
a
n
d
s
.
 
 
Gr

aj
 
a
n
d
 
S
e
l
v
i
d
g
e
*
 
h
a
v
e
 

t
a
b
u
l
a
t
e
d
 
v
a
l
u
e
s
 
of
 
f 

r
t
i
t
i
o
n
 
f
u
n
c
t
i
o
n
s
 
a
n
d
 
r
e
l
a
t
i
v
e
 
l
i
n
e
 
s
t
r
e
n
g
t
h
s
 
f
o
r
 

d
i
f
f
e
r
e
n
t
 
t
y
p
e
s
 
o
f
 
C
O
-
 
b
a
n
d
a
 
at
 
s
e
v
e
r
a
l
 
te

ai
pe

ra
tu

re
s.
 

A
c
c
o
r
d
i
n
g
 
to
 
q
u
a
n
t
u
m
 
th
eo
ry
, 
 
 
th
e 

r
e
l
a
t
i
v
e
 
s
t
r
e
n
g
t
h
 
of
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 

b
a
n
d
 
21
1
>

-O
l1
0
 
to
 
it

s 
a
s
s
o
c
i
a
t
e
d
 
s
u
m
m
a
t
i
o
n
 
b
a
n
d
 
20
o
3 

is
 
g
i
v
e
n
 
b
y
 

S 
 
(2
11
3
^
0
1
1
0
)
 

- S
V
 
,
^
0
3
)
 

 
= 

2 
e
x
p
 
(-
 
he
 
6
6
7
.
4
/
k
e
)
 

(3
-3

) 
v 

= 
0
,
0
7
8
 
fo
r 

6 
- 

29
6C

K.
 

h 
is
 
P
l
a
n
c
k
'
s
 
c
o
n
s
t
a
n
t
,
 
c 

is
 
t
h
e
 
s
p
e
e
d
 
o
f
 
l
i
g
h
t
 
a
n
d
 
th
e 

f
a
c
t
o
r
 
2 

a
r
i
s
e
s
 

f
r
o
m
 
t
h
e
 
d
o
u
b
l
e
 
d
e
g
e
n
e
r
a
c
y
 
of
 
t
h
e
 
O
l
^
 
s
t
a
t
e
.
 

6
6
7
.
4
 
c
m
"
^
 
is
 
th
e 

di
ff
er
en
ce
: 

b
e
t
w
e
e
n
 
th
e 

e
n
e
r
g
y
 
l
e
v
e
l
s
 
01
1
0
 
a
n
d
 
0
0
o
0.
 

E
q
u
a
t
i
o
n
 
(3
-3
) 

a
l
s
o
 
r
e
l
a
t
e
s
 
th
e 

s
t
r
e
n
g
t
h
 
o
f
 
an
y 

d
i
f
f
e
r
e
n
c
e
 
b
a
n
d
 
to
 
it

s 
a
s
s
o
c
i
a
t
e
d
 
s
u
m
m
a
t
i
o
n
 
or
 
f
u
n
d
a
m
e
n
t
a
l
 
b
a
n
d
 
if
 
th
e 

p
r
o
p
e
r
 
d
e
g
e
n
e
r
a
c
y
 
f
a
c
t
o
r
 

is
 
u
s
e
d
 
a
n
d
 
6
6
7
.
4
 
is
 
r
e
p
l
a
c
e
d
 
b
y
 
th
e 

d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n
 
t
h
e
 
e
n
e
r
g
y
 
l
e
v
e
l
 

0
0
o
0
 
a
n
d
 
t
h
e
 
l
o
w
e
r
 
l
e
v
e
l
 
fo
r 

th
e 

d
i
f
f
e
r
e
n
c
e
 
b
a
n
d
.
 

T
h
e
 
s
t
r
e
n
g
t
h
s
 
o
f
 
al
l 

t
h
e
 
b
a
n
d
s
 
o
f
 
s
i
g
n
i
f
i
c
a
n
c
e
 
In
 
t
h
e
 
r
e
g
i
o
n
 
a
r
e
 
g
i
v
e
n
 

in
 
T
a
b
l
e
 
3-

1.
 
 
F
r
o
m
 
E
q
u
a
t
i
o
n
s
 
(3
-1
) 

an
d 

(2
-1

),
 
w
e
 
s
e
e
 
t
h
a
t
 
t
h
e
 
u
n
i
t
s
 
o
f
 

b
a
n
d
 
s
t
r
e
n
g
t
h
 
a
r
e
 
a
t
m
"
^
 
c
m
"
^
 
 
 
cm

"^
, 

w
i
t
h
 
t
h
e
 
S
T
P
 
r
e
f
e
r
r
i
n
g
 
to
 
t
h
e
 

a
b
s
o
r
b
e
r
 
t
h
i
c
k
n
e
s
s
 
a
n
d
 
n
o
t
 
to
 
t
h
e
 
t
e
m
p
e
r
a
t
u
r
e
 
a
t
 

' 
h
l
c
h
 
t
h
e
 
m
e
a
s
u
r
e
m
e
n
t
 

w
a
s
 
m
a
d
e
.
 

S
i
n
c
e
 
th
e 

20
o
3 

a
n
d
 
21
1
3*

-0
11
0
 
b
a
n
d
s
 
a
r
e
 
n
o
t
 
s
e
p
a
r
a
t
e
d
 
in
 
o
u
r
 
s
p
e
c
t
r
a
,
 

t
h
e
i
r
 
s
t
r
e
n
g
t
h
s
 
w
e
r
e
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
t
h
e
i
r
 
c
o
m
b
i
n
e
d
 
s
t
r
e
n
g
t
h
s
 
b
y
 
t
h
e
 
u
?
e
 

of
 
E
q
u
a
t
i
o
n
 
(3

-3
).
 

T
h
e
 
R-
 
a
n
d
 
P
-
b
r
a
n
c
h
e
s
 
c
o
u
l
d
 
b
e
 
m
e
a
s
u
r
e
d
 
s
e
p
a
r
a
t
e
l
y
,
 

a
n
d
 
t
h
e
i
r
 
r
e
l
a
t
i
v
e
 
s
t
r
e
n
g
t
h
s
 
a
r
e
 
In
 
g
o
o
d
 
a
g
r
e
e
m
e
n
t
 
w
i
t
h
 w
h
a
t
 
w
e
 
o
b
t
a
i
n
 

b
y
 
s
u
m
m
i
n
g
 
th

e 
s
t
r
e
n
g
t
h
s
 
o
f
 
th
e 

l
i
n
e
s
 
in
 
e
a
c
h
 
b
r
a
n
c
h
 
as
 
g
i
v
e
n
 
b
y
 
(3
-2
).
 

T
h
e
 
s
u
m
m
a
t
i
o
n
 
g
i
v
e
s
 
52
7.
 
fo
r 

th
e 

R
-
b
r
a
n
c
h
 
a
n
d
 
4
8
%
 
fo
r 

th
e 

P
-
b
r
a
n
c
h
.
 

T
h
e
 
R
-
b
r
a
n
c
h
 
of
 
th
e 

12
 
3 
b
a
n
d
 
is
 
i
s
o
l
a
t
e
d
 
f
r
o
m
 
o
t
h
e
r
 
b
a
n
d
s
 
a
n
d
 
c
o
u
l
d
 
b
e
 

m
e
a
s
u
r
e
d
 
s
e
p
a
r
a
t
e
l
y
.
 
 
B
u
t
 
th
e 

P
-
b
r
a
n
c
h
 
Is
 
o
v
e
r
l
a
p
p
e
d
 
b
y
 
t
h
e
 
13
1
3
+-

01
1
0
 

ba
nd
, 

m
a
k
i
n
g
 
it
 
n
e
c
e
s
s
a
r
y
 
to
 
u
s
e
 
E
q
u
a
t
i
o
n
 
(3
-3
) 

to
 
d
e
t
e
r
m
i
n
e
 
t
h
e
i
r
 

s
t
r
e
n
g
t
h
s
.
 

T
h
e
 
0
4
o
3 

b
a
n
d
 
is
 
d
i
s
p
l
a
c
e
d
 
f
r
o
m
 
it

s 
a
s
s
o
c
i
a
t
e
d
 
d
i
f
f
e
r
e
n
c
e
 
b
a
n
d
 
(0

51
3
«-

01
1
0
)
 

an
d 

c
o
u
l
d
 
b
e
 
m
e
a
s
u
r
e
d
 
d
i
r
e
c
t
l
y
.
 

T
h
e
r
e
 
w
a
s
 
o
n
l
y
 
a 

h
i
n
t
 
of
 
a
b
s
o
r
p
t
i
o
n
 
in
 

o
u
r
 
o
r
i
g
i
n
a
l
 
s
p
e
c
t
r
a
 
In
 
th

e 
r
e
g
i
o
n
 
w
h
e
r
e
 
0
5
1
3*
-0
11
0
 
s
h
o
u
l
d
 
a
p
p
e
a
r
.
 

T
h
e
r
e
f
o
r
e
,
 

-. 

3-
9 

I 

^
^
^
■
■
w
p
—
m
i
■
c
a
—
—
i

Li
ui

- J
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It
s 

s
t
r
e
n
g
t
h
 
c
o
u
l
d
 
n
o
t
 
b
e
 
m
e
a
s
u
r
e
d
;
 
it
 
co
ul
d,
 
of
 
c
o
u
r
s
e
,
 
b
e
 
c
a
l
c
u
l
a
t
e
d
 

f
r
o
n
 
t
h
e
 
s
t
r
e
n
g
t
h
 
o
f
 
th
e 

0
4
 
3 

b
a
n
d
.
 

N
o
 
v
a
l
u
e
s
 
o
f
 
u
n
c
e
r
t
a
i
n
t
y
 
ar
e 

p
r
e
s
e
n
t
e
d
 
fo

r 
th
e 

s
t
r
e
n
g
t
h
s
 
o
f
 
th
e 

d
i
f
f
e
r
e
n
c
e
 

b
a
n
d
s
 
s
i
n
c
e
 
t
h
e
y
 
w
o
u
l
d
 
d
e
p
e
n
d
 
o
n
 
th
e 

u
n
c
e
r
t
a
i
n
t
i
e
s
 
of
 
th
e 

a
s
s
o
c
i
a
t
e
d
 
c
o
m
-
 

b
i
n
a
t
i
o
n
 
b
a
n
d
s
 
an
d 

o
n
 
th
e 

e
r
r
o
r
 
in
 
th
e 

t
h
e
o
r
e
t
i
c
a
l
 
r
e
l
a
t
i
o
n
s
h
i
p
 
g
i
v
e
n
 
b
y
 

E
q
u
a
t
i
o
n
 
(3

-2
).
 
 
I
n
 
s
o
m
e
 
c
a
s
e
s
 
t
h
e
 
u
n
c
e
r
t
a
i
n
t
y
 
o
f
 
a
n
 
e
n
t
i
r
e
 
b
a
n
d
 
ie
 

s
l
i
g
h
t
l
y
 
l
e
s
s
 
t
h
a
n
 
th
e 

s
u
m
 
of
 
th
e 

t
w
o
 
b
r
a
n
c
h
e
s
 
s
i
n
c
e
 
it
 
is
 
n
o
t
 
p
o
s
s
i
b
l
e
 

to
 
d
i
v
i
d
e
 
t
h
e
 
s
p
e
c
t
r
u
m
 
e
x
a
c
t
l
y
 
to
 
d
e
t
e
r
m
i
n
e
 
th
e 

c
o
n
t
r
i
b
u
t
i
o
n
s
 
o
f
 
^
a
c
h
 

b
r
a
n
c
h
.
 

T
h
e
 
R
-
b
r
a
n
c
h
e
s
 
o
f
 
t
h
e
 
10
 
3 

a
n
d
 
02
 
3 
b
a
n
d
s
 
o
f
 
C 

O
2
 

a
r
e
 
r
e
l
a
t
i
v
e
l
y
 
fr
ee
 

o
f
 
o
v
e
r
l
a
p
p
i
n
g
 
l
i
n
e
-
 
a
n
d
 
w
e
r
e
 
m
e
a
s
u
r
e
d
 
s
e
p
a
r
a
t
e
l
y
.
 

S
t
r
e
n
g
t
h
s
 
of
 
th
e 

1
1
1
3
K
)
1
1
0
 
b
a
n
d
 
a
n
d
 
t
h
e
 
P
-
b
r
a
n
c
h
 
of
 
t
h
e
 
10
o
3 

b
a
n
d
 
w
e
r
e
 
d
e
t
e
r
m
i
n
e
d
 
fr

oT
» 

E
q
u
a
t
i
o
n
 
(3
-3
) 

in
 
t
h
e
 
s
a
m
e
 
m
a
n
n
e
r
 
as
 
th
e 

b
a
n
d
s
 
d
i
s
c
u
s
s
e
d
 
a
b
o
v
e
.
 

A
l
t
h
o
u
g
h
 
a 

po
rt
ic
.t
 
o
f
 
th
e 
P
-
b
r
a
n
c
h
 
o
f
 
th
e 

02
o
3 

b
a
n
d
 
is
 
o
v
e
r
l
a
p
p
e
d
 
b
y
 
th
e 

0
3
1
3
«-
01
1
0
 
b
a
n
d
,
 
l
i
n
e
s
 
P
2
 
to
 
P
3
4
 
a
r
e
 
i
s
o
l
a
t
e
d
.
 
 
B
y
 
s
u
m
m
i
n
g
 
th
e 

s
t
r
e
n
g
t
h
s
 

o
f
 
l
i
n
e
s
 
P
2
 
to
 
P
3
A
 
as
 
g
i
v
e
n
 
b
y
 
E
q
u
a
t
i
o
n
 
(3

-2
),
 
w
e
 
f
o
u
n
d
 
t
h
a
t
 
t
h
e
s
e
 
l
i
n
e
s
 

c
o
m
p
r
i
s
e
 
9
0
.
7
%
 
o
f
 
t
h
e
 
s
t
r
e
n
g
t
h
 
of
 
th
e 

e
n
t
i
r
e
 
P
-
b
r
a
n
c
h
.
 

T
h
e
r
e
f
o
r
e
,
 
th
e 

s
t
r
e
n
g
t
h
 
of
 
th
e 

P
-
b
r
a
n
c
h
 
w
a
s
 
d
e
t
e
r
m
i
n
e
d
 
f
r
o
m
 
/
K
(
v
)
d
v
/
.
9
0
7
 
o
v
e
r
 
th
e 

r
e
g
i
o
n
 

f
r
o
m
 
th
e 

b
a
n
d
 
c
e
n
t
e
r
 
to
 
a 

p
o
i
n
t
 
m
i
d
w
a
y
 
b
e
t
w
e
e
n
 
P
3
4
 
a
n
d
 
P3
6.
 
 
A
l
l
o
w
a
n
c
e
 

w
a
s
 
m
a
d
e
 
fo
r 

t
h
e
 
c
o
n
t
r
i
b
u
t
i
o
n
 
o
f
 
th
e 
w
i
n
g
s
 
o
f
 
t
h
e
s
e
 
l
i
n
e
s
 
w
h
i
c
h
 w
o
u
l
d
 

o
c
c
u
r
 
o
u
t
s
i
d
e
 
t
h
e
 
i
n
t
e
r
v
a
l
.
 

T
h
e
 
c
o
r
r
e
c
t
i
o
n
 
w
a
s
 
c
a
l
c
u
l
a
t
e
d
 
b
y
 
a
s
s
u
m
i
n
g
 

t
h
e
 
l
i
n
e
s
 
h
a
v
e
 
a 

L
o
r
e
n
t
z
 
l
i
n
e
 
s
h
a
p
e
 
a
n
d
 
a 

h
a
l
f
-
w
i
d
t
h
 
of
 
1.

3 
cm

" 
. 
 
(T
hi
s 

v
a
l
u
e
 
o
f
 
h
a
l
f
-
w
i
d
t
h
 
is
 
b
a
s
e
d
 
o
n
 
r
e
s
u
l
t
s
 
s
h
o
w
n
 
in
 
S
e
c
t
i
o
n
 
3
.
3
.
)
 

It
 
w
a
s
 

n
o
t
 
n
e
c
e
s
s
a
r
y
 
to
 
c
a
l
c
u
l
a
t
e
 
th
e 

c
o
r
r
e
c
t
i
o
n
 
v
e
r
y
 
a
c
c
u
r
a
t
e
l
y
 
s
i
n
c
e
 
it
 

a
m
o
u
n
t
e
d
 
to
 
o
n
l
y
 
a 
c
o
u
p
l
e
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
s
t
r
e
n
g
t
h
 
o
f
 
th
e 

P
-
b
r
a
n
c
h
.
 

T
h
e
 
s
t
r
e
n
g
t
h
 
o
f
 
th
e 

03
1
3
«-

01
1
0
 
h
a
n
d
 
w
a
s
 
t
h
e
n
 
d
e
t
e
r
m
i
n
e
d
 
f
r
o
m
 
/
K
(
v
)
d
v
 
o
v
e
r
 

th
e 

i
n
t
e
r
v
a
l
 
c
o
v
e
r
e
d
 
b
y
 
th
e 

b
a
n
d
 
a
n
d
 
s
u
b
t
r
a
c
t
i
n
g
 
th
e 

p
o
r
t
i
o
n
 
d
u
e
 
to
 
th
e 

P
-
b
r
a
n
c
h
 
o
f
 
t
h
e
 
02
o
3 

b
a
n
d
.
 
 
It
 
w
a
s
 
a
l
s
o
 
n
e
c
e
s
s
a
r
y
 
to
 
a
c
c
o
u
n
t
 
fo

r 
th
e 

o
v
e
r
l
a
p
p
i
n
g
 
10
o
3 

b
a
n
d
 
o
f
 
C
^
o
i
 

. 
 
B
y
 
th
is
 
m
e
t
h
o
d
 
w
e
 
w
e
r
e
 
a
b
l
e
 
to
 
o
b
t
a
i
n
 

v
a
l
u
e
s
 
fo

r 
t
h
e
 
s
t
r
e
n
g
t
h
s
 
o
f
 

a 
 c
o
m
b
i
n
a
t
i
o
n
 
b
a
n
d
 
an
d 

it
s 

a
s
s
o
c
i
a
t
e
d
 
d
i
f
-
 

f
e
r
e
n
c
e
 
b
a
n
d
 
w
i
t
h
 
o
n
l
y
 
a 

r
a
t
h
e
r
 
s
m
a
l
l
 
c
o
r
r
e
c
t
i
o
n
 
b
a
s
e
d
 
o
n
 
a 

t
h
e
o
r
e
t
i
c
a
l
 

r
e
l
a
t
i
o
n
s
h
i
p
.
 

W
e
 
s
e
e
 
t
h
a
t
 
th
e 

r
e
l
a
t
i
v
e
 
s
t
r
e
n
g
t
h
s
 
a
r
e
 
1.
0 

x
 
1
0
"
^
/
l
l
.
8
 
x
 
lO
"^
* 

= 
0
.
0
8
5
,
 
w
h
i
c
h
 
a
g
r
e
e
s
,
 
w
i
t
h
i
n
 
e
x
p
e
r
i
m
e
n
t
a
l
 
er
ro
r,
 
w
i
t
h
 
0
.
0
7
8
 
g
i
v
e
n
 
b
y
 

E
q
u
a
t
i
o
n
 
(3

-3
).
 

13
 
16
 

T
h
e
 
p
e
r
c
e
n
t
 
o
f
 
u
n
c
e
r
t
a
i
n
t
y
 
fo
r 

th
e 

s
t
r
e
n
g
t
h
 
o
f
 
th
e 

10
o
3 

b
a
n
d
 
o
f
 
C 

O
2
 

i»
 
l
a
r
g
e
 
b
e
c
a
u
s
e
 
of
 
th
e 

s
i
z
e
a
b
l
e
 
c
o
r
r
e
c
t
i
o
n
s
 
w
h
i
c
h
 
h
a
d
 
to
 
b
e
 
m
a
d
e
 
fo

r 
t
h
e
 
o
v
e
r
l
a
p
p
i
n
g
 
b
a
n
d
s
.
 

T
h
e
 
s
t
r
e
n
g
t
h
 
g
i
v
e
n
 
fo
r 

th
is
 
b
a
n
d
 
is
 
b
a
s
e
d
 
o
n
 

s
a
m
p
l
e
s
 
in
 
w
h
i
c
h
 
th
e 

r
e
l
a
t
i
v
e
 
a
b
u
n
d
a
n
c
e
s
 
o
f
 
th
e 

v
a
r
i
o
u
s
 
i
s
o
t
o
p
e
s
 
w
e
r
e
 

n
o
t
 
i
n
t
e
n
t
i
o
n
a
l
l
y
 
a
l
t
e
r
e
d
.
 

If
 
w
e
 
a
s
s
u
m
e
 
t
h
a
t
 
th
e 

s
a
m
p
l
e
 
c
o
n
t
a
i
n
s
 
98
.9
7«
 

C
^
 
a
n
d
 
1
.
1
%
 
C 

, 
w
e
 
w
o
u
l
d
 
e
x
p
e
c
t
 
th
at
, 

?t
 
l
e
a
s
t
 
in
 
th
e 

f
i
r
s
t
 
a
p
p
r
o
x
i
m
a
t
i
o
n
,
 

t
h
e
 
s
t
r
e
n
g
t
h
s
 
o
f
 
th
e 

b
a
n
d
s
 
o
f
 
th
e 

t
w
o
 
i
s
o
t
o
p
e
s
 
w
o
u
l
d
 
b
e
 
in
 
th
e 

s
a
m
e
 
r
a
t
i
o
«
 

T
h
i
s
 
is
 
s
e
e
n
 
to
 
b
e
 
t
r
u
e
 
w
i
t
h
i
n
 
e
x
p
e
r
i
m
e
n
t
a
l
 
e
r
r
o
r
.
 

T
h
e
 
r
a
t
i
o
 
o
f
 
s
t
r
e
n
g
t
h
s
 

is
 
2
.
5
 
x
 
10

"5
/
l
7
.
0
 
x
 
1
0
"
^
 
= 
0
.
0
1
5
,
 
w
i
t
h
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
4
0
%
 
u
n
c
e
r
t
a
i
n
t
y
;
 
a
n
d
 

t
h
e
 
r
a
t
i
o
 
o
f
 
a
b
u
n
d
a
n
c
e
s
 
= 
0
.
0
1
1
.
 

3
-
1
0
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I 1 

3.
3 

H
A
L
F
-
W
I
D
T
i
K
 
O
F
 
A
B
S
O
R
P
T
I
O
N
 
L
I
N
E
S
 

T
h
e
 
s
h
a
p
e
 
o
f
 
a 

c
o
l
l
l
a

 t
o
n
-
b
r
o
a
d
e
n
e
d
 
CO
2 

a
b
s
o
r
p
t
i
o
n
 
l
i
n
e
 
w
i
t
h
i
n
 
a 

f
e
w
 
c
m
 

of
 
it

s 
c
e
n
t
e
r
,
 
c
a
n
 
u
s
u
a
l
l
y
 
b
e
 
r
e
p
r
e
s
e
n
t
e
d
 
b
y
 
th
e 
L
o
r
e
n
t
z
 
li
ne
 
s
h
a
p
e
 

e
q
u
a
t
i
o
n
;
-
^
 ^
 

k(
v)
 

■-  
 -
f 

^
 

2 
* 

(3
"4

) 

(v
 
- 

v
0
> 
 
+ 

CÜ
 

k(
v)
 
is
 
th
e 

a
b
s
o
r
p
t
i
o
n
 
c
o
e
f
f
i
c
i
e
n
t
 
Of
 
th

e 
s
i
n
g
l
e
 
li
ne
; 

S m
 
is
 
it

s 
s
t
r
e
n
g
t
h
,
 

v 
is
 
th
e 

l
i
n
e
 
c
e
n
t
e
r
,
 
a
n
d
 
a
 
is
 
t
h
e
 
h
a
l
f
-
w
i
d
t
h
,
 

a
 
is
 
p
r
o
p
o
r
t
i
o
n
a
l
 
to
 

p
r
e
s
s
u
r
e
 
w
h
i
l
e
 
S 

a
n
d
 
v 

a
r
e
 
c
o
n
s
t
a
n
t
,
 

m
o

 
12
 

L
a
d
e
n
b
e
r
g
 
a
n
d
 
R
e
i
c
h
e
 
 
h
a
v
e
 
s
h
o
w
n
 
t
h
a
t
 
th
e 

i
n
t
e
g
r
a
t
e
d
 
a
b
s
o
r
p
t
a
n
c
e
 
/
A
(
v
)
d
v
 

of
 
a 

s
i
n
g
l
e
 
l
i
n
e
 
h
a
v
i
n
g
 
th
e 
L
o
r
e
n
t
z
 
s
h
a
p
e
 

3 
g
i
v
e
n
 
b
y
 

/
A
(
v
)
d
v
 

= 
2
n
a
 
^
 
(x

),
 

(3
-5
) 

w
he

re
 x
 =
 S

u/
27

Ta
, 
 a

nd
 

^
(x

) 
  
 =

   
 x
 e

'X
   

   
J 0

  
(-

e
x

) 
 -
 

>c
 ^

(X
x
) 

   
   

. 
(3

-6
) 

J n
(
-6
x
)
 
a
n
d
 
J
.
^
x
)
 
a
r
e
 
th
e 

B
e
s
s
e
l
 
f
u
n
c
t
i
o
n
s
 
o
f
 
o
r
d
e
r
 
0 

a
n
d
 
1,
 
r
e
s
p
e
c
t
i
v
e
l
y
.
 

A
l
t
h
o
u
g
h
 
E
q
u
a
t
i
o
n
 
(3

-6
) 

is
 
a 
r
a
t
h
e
r
 
i
n
v
o
l
v
e
d
 
e
x
p
r
e
s
s
i
o
n
,
 
t
w
o
 w
e
l
l
-
k
n
o
w
n
 

a
p
p
r
o
x
i
m
a
t
i
o
n
s
 
c
a
n
 
b
e
 
r
e
a
d
i
l
y
 
u
s
e
d
 
to
r 

s
i
n
g
l
e
 
l
i
n
e
s
 
u
n
d
e
r
 
c
e
r
t
a
i
n
 
c
o
n
d
i
t
i
o
n
s
:
 

(3
-7

) 
/
A
(
v
)
d
v
 

= 
S 

u,
 

m
 

' 
fo
r 

s
m
a
l
l
 
x
 

(
w
e
a
k
 
l
i
n
e
s
)
 

an
d 

/
A
(
v
)
d
v
 

= 
2 

(S
 

u 
a
)1
'

2
 

m
 

f
o
r
 
l
a
r
g
e
 
x
 

(
s
t
r
o
n
g
 
l
i
n
e
 

(3
-8

) 

It
 
is
 
n
o
t
e
d
 
th
at
 
E
q
u
a
t
i
o
n
s
 
(3
-7
) 

a
n
d
 
(3
-1
) 

a
r
e
 
e
q
u
i
v
a
l
e
n
t
 
fo

r 
s
m
a
l
l
 
A
(
v
)
.
 

V
a
l
u
e
s
 
o
f
 $

■  
(x

) 
fo
r 

i
n
t
e
r
m
e
d
i
a
t
e
 
(x

) 
h
a
v
e
 
b
e
e
n
 
t
a
b
u
l
a
t
e
d
 
b
y
 
K
a
p
l
a
n
 
a
n
d
 

E
g
g
e
r
s
.
1
3
 

It
 
is
 
a
p
p
a
r
e
n
t
 
f
r
o
m
 
E
q
u
a
t
i
o
n
 
(3
-8
) 

t
h
a
t
 
a
 
c
a
n
 
b
e
 
d
e
t
e
r
m
i
n
e
d
 
f
r
o
m
 
a 

m
e
a
s
u
r
e
m
e
n
t
 
o
f
 
/
A
(
v
)
d
v
 
u
n
d
e
r
 
t
h
e
 
p
r
o
p
e
r
 
c
o
n
d
i
t
i
o
n
s
 
if
 

S m
  
is
 
k
n
o
w
n
.
 

/
A
(
v
)
d
y
 
is
 
s
e
e
n
 
to
 
b
e
 
i
n
d
e
p
e
n
d
e
n
t
 
of
 
a
 
fo
r 

s
m
a
l
l
 
x
 
a
n
d
 
p.
 o
p
o
r
t
l
o
n
a
l
 

to
 
o
r
/
'
 
fo

r 
l
a
r
g
e
 
x.
 

T
h
e
 
d
e
p
e
n
d
e
n
c
e
 
is
 
l
e
s
s
 
t
h
a
n
 
s
q
u
a
r
e
 
r
o
o
t
 
fo

r 
i
n
t
e
r
m
e
d
i
a
t
e
 
x;
 
a
n
d
 
e
v
e
n
 
if
 
th
e 

c
o
n
d
i
t
i
o
n
s
 
fo
r 
E
q
u
a
t
i
o
n
 
(3
-8
) 

a
r
e
 
n
o
t
 

f
u
l
f
i
l
l
e
d
,
 
a
 
c
a
n
 
s
t
i
l
l
 
b
e
 
d
e
t
e
r
m
i
n
e
d
 
b
y
 
u
s
e
 
o
f
 
th
e 

e
x
a
c
t
 
e
x
p
r
e
s
s
i
o
n
 

g
i
v
e
n
 
b
y
 
E
q
u
a
t
i
o
n
 
(3

-3
),
 
p
r
o
v
i
d
e
d
 
x
 
is
 
s
u
f
f
i
c
i
e
n
t
l
y
 
l
a
r
g
e
 
t
h
a
t
 
t
h
e
r
e
 

is
 
a 

s
i
z
e
a
b
l
e
 
d
e
p
e
n
d
e
n
c
e
 
o
n
 
a.
 

3
-
1
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L
i
n
e
s
 
P
2
 
to
 
P
3
2
 
of
 
th
e 

O2
0
3 

b
a
n
d
 
ar
e 

i
s
o
l
a
t
e
d
 
f
r
o
m
 
o
t
h
e
r
 
l
i
n
e
s
 
of
 
a
n
y
 

s
i
g
n
i
f
i
c
a
n
c
e
;
 
t
h
e
r
e
f
o
r
e
,
 

i*
- 
w
a
s
 
p
o
s
s
i
b
l
e
 
to
 
m
e
a
s
u
r
e
 
/
A
(
v
)
d
v
 
fo

r 
th
em
. 

V
a
l
u
e
s
 
of
 
S m
 
w
e
r
e
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 
th
t 

b
a
n
d
 
s
t
r
e
n
g
t
h
 
g
i
v
e
n
 
in
 
T
a
b
l
e
 
3"

1 
b
y
 
th
e 

u
s
e
 
of
 
E
q
u
a
t
i
o
n
 
(3

-2
);
 
a
n
d
 
v
a
l
u
e
s
 
of
 
/
A
(
v
)
d
v
 
w
e
r
e
 
t
a
k
e
n
 
f
r
o
m
 

T
a
b
l
e
 
5-
2 

fo
r 

e
a
c
h
 
li
ne
. 

T
h
e
 
a
b
s
o
r
b
e
r
 
t
h
i
c
k
n
e
s
s
 
u 

fo
r 

S
a
m
p
l
e
s
 
6,
 

7 
a
n
d
 
8 

is
 
g
r
e
a
t
 
e
n
o
u
g
h
 
th

at
 
x
 
is
 
s
u
f
f
i
c
i
e
n
t
l
y
 
l
a
r
g
e
 
fo

r 
a 

n
e
a
r
 
s
q
u
a
r
e
-
 

r
o
o
t
 
d
e
p
e
n
d
e
n
c
e
 
of
 
/
A
(
v
)
d
v
 
o
n
 
a
. 

We
 
a
s
s
u
m
e
d
 
a
 

(a
 
at
 
a 
p
r
e
s
s
u
r
e
 
of
 
1 

at
m)
 
to
 
b
e
 
0
.
0
9
 
cm
 
 
an
d 

u
s
e
d
 

E
q
u
a
t
i
o
n
 
(3

-5
) 

a
l
o
n
g
 
w
i
t
h
 
th

e 
t
a
b
u
l
a
t
e
d
 
v
a
l
u
e
s
 
of
 
^
(
x
)
 
to
 
c
a
l
c
u
l
a
t
e
 

/
A
(
v
)
d
v
 
fo

r 
t
h
e
s
e
 
s
a
m
p
l
e
s
.
 

T
h
e
 
c
a
l
c
u
l
a
t
e
d
 
v
a
l
u
e
s
 
of
 
/
A
(
v
)
d
v
 
w
e
r
e
 
t
h
e
n
 

c
o
m
p
a
r
e
d
 
w
i
t
h
 
th

e 
o
b
s
e
r
v
e
d
 
v
a
l
u
e
s
;
 
an

d,
 
b
y
 
a 

r
e
i
t
e
r
a
t
i
v
e
 
p
r
o
c
e
s
s
,
 
m
o
r
e
 

a
c
c
u
r
a
t
e
 
v
a
l
u
e
s
 
of
 
a
0
 
w
e
r
e
 
o
b
t
a
i
n
e
d
.
 

In
 
m
a
k
i
n
g
 
th

e 
c
a
l
c
u
l
a
t
i
o
n
s
,
 
w
e
 
a
c
c
o
u
n
t
e
d
 
fo

r 
s
l
i
g
h
t
 
o
v
e
r
l
a
p
p
i
n
g
 
o
f
 
th
e 

li
ne
s 

w
h
i
c
h
 
c
a
u
s
e
s
 
th
e 

i
n
t
e
g
r
a
t
e
d
 
a
b
s
o
r
p
t
a
n
c
e
 
of
 

i 
 r
e
g
i
o
n
 
c
o
n
t
a
i
n
i
n
g
 

s
e
v
e
r
a
l
 
l
i
n
e
s
 
to
 
be
 
le
ss
 
t
h
a
n
 
th

e 
s
u
m
 
of
 
th
e 

i
n
d
i
v
i
d
u
a
l
 
c
o
n
t
r
i
b
u
t
i
o
n
s
 

w
e
 
w
o
u
l
d
 
e
x
p
e
c
t
 
w
i
t
h
o
u
t
 
o
v
e
r
l
a
p
p
i
n
g
.
 

Th
e 

ma
xi

mu
ir
 
c
o
r
r
e
c
t
i
o
n
 
to
 
th

e 
c
a
l
c
u
l
a
t
e
d
 
/
A
(
v
)
d
v
 
fo

r 
o
v
e
r
l
a
p
p
i
n
g
 
w
a
s
 
on

).
y 

a
b
o
u
t
 
5 
p
e
r
c
e
n
t
.
 
 
R
e
s
u
l
t
s
 

of
 
a 
r
e
c
e
n
t
 
t
h
e
o
r
e
t
i
c
a
l
 
a
r
t
i
c
l
e
 
b
y
 
P
l
a
s
s
 
 
w
e
r
e
 
u
s
e
d
 
to
 
c
a
l
c
u
l
a
t
e
 
th

e 
o
v
e
r
l
a
p
p
i
n
g
 
c
o
r
r
e
c
t
i
o
n
 
fa
ct
or
. 

T
h
e
 
r
e
s
u
l
t
s
 
of
 
th

e 
a
  
 m
e
a
s
u
r
e
m
e
n
t
s
 
ar
e 

s
h
o
w
n
 
by
 
th

e 
p
l
o
t
t
e
d
 
p
o
i
n
t
s
 
in
 

Fi
g.
 
3-
4;
 
th
e 

v
a
r
i
o
u
s
 
g
e
o
m
e
t
r
i
c
a
l
 
f
i
g
u
r
e
s
 
c
o
r
r
e
s
p
o
n
d
 
to
 
d
i
f
f
e
r
e
n
t
 
s
a
m
p
l
e
s
 

f
r
o
m
 
w
h
i
c
h
 
th
e 
m
e
a
s
u
r
e
m
e
n
t
 
w
a
s
 
m
a
d
e
.
 

M
u
c
h
 
o
f
 
th

e 
v
a
r
i
a
t
i
o
n
 
b
e
t
w
e
e
n
 
v
a
l
u
e
s
 

fo
r 

a
d
j
a
c
e
n
t
 
li
ne
s 

is
 
d
u
e
 
to
 
th

e 
l
i
n
e
s
 
b
e
i
n
g
 
c
l
o
s
e
 
t
o
g
e
t
h
e
r
 
a
n
d
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